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TEMPERATURE DETECTION CIRCUIT INSENSITIVE TO POWER SUPPLY 
VOLTAGE AND TEMPERATURE VARIATION 

R A TKfiROUND Q FTHF INVENITON 

Field of the Invention 

The present invention relates to a semiconductor integrated circuit, and more 
particularly, to a temperature detection circuit insensitive to a supply voltage and temperature 
variation. 

Description nf the Related Art 

Various manufacturing processes implement temperature monitoring for process control. 
In addition, micro-controllers or microprocessors use methods of measuring temperature in 
digital format. Integrated circuits (IC) typically do not use external components for measuring 
temperature, but directly read out temperature digitally. Such an IC temperature detector may 
be embedded in another integrated circuit. 

Typically, an IC has a predetermined operational temperature range, outside of which 
errors, including device failure, can occur. To ensure that the IC does not operate outside the 
predetermined operational temperature range, a temperature detector is disposed inside the IC. 
If the temperature of the IC exceeds a predetermined temperature, the temperature detector 
makes the IC stop its operation so as to prevent an occurrence of data error and reliability 
problems. However, the conventional temperature detection circuits are generally sensitive to a 
supply voltage and semiconductor process variation. 

Accordingly, there is a need for a temperature detection circuit that is insensitive to a 
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supply voltage variation and temperature variation. 

SUMMARY OF T HF. TNVENTION 

Accordingly, the present invention is directed to a temperature detection circuit that 
substantially obviates one or more problems due to the limitations and disadvantages of the 
related art. 

It is an object of the present invention to provide a temperature detection circuit that is 
insensitive to a supply voltage and temperature variation. 

Additional advantages, objects, and features of the invention will be set forth in part in 
the description which follows and in part will become apparent to those having ordinary skill in 
the art upon examination of the following or may be learned from practice of the invention. 
The objectives and other advantages of the invention may be realized and attained by the 
structure particularly pointed out in the written description and claims hereof as well as the 
appended drawings. 

According to an embodiment of the present invention, a temperature detection circuit 
comprises an OP amp. a reference current generator, a temperature detection voltage generator, a 
comparator, and a band gap reference voltage generator. The OP amp receives a band gap 
reference voltage and a first voltage. The reference current generator generates the firs, voltage 
and a reference voltage in response to an output signal of the OP amp. The temperature 
detection voltage generator generates a temperature detection voltage in response to an ambient 
temperature and the output signal of the OP amp. The comparator compares the reference 
voltage with the temperature detection voltage and genem.es a temperature con™, signal. The 
band gap reference voltage generator generates the band gap reference voltage. 
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The band gap reference voltage generator comprises a first reference current unit 
including a first PMOS transistor, a first resistor, and a first PNP transistor, which are connected 
in cascade between a supply voltage and a ground voltage. The band gap reference voltage 
generator further comprises a second reference current unit including a second PMOS transistor, 
a second resistor, a third resistor and a second PNP transistor, which are connected in cascade 
between the supply voltage and the ground voltage. The band gap reference voltage generator 
comprises an OP amp having a first input terminal connected to a first node between the first 
resistor and the first PNP transistor, a second input terminal connected to a second node between 
the second resistor and the third resistor, and an output terminal connected to gates of first and 
second PMOS transistors. The first and second PNP transistors have bases connected to a bias 
voltage. The reference current generator comprises a first PMOS transistor having a source 
connected to the supply voltage and a gate connected to an output terminal of the OP amp, and 
first to third resistors connected in series between a drain of the first PMOS transistor and the 
ground voltage. Here, the voltage level between the first resistor and the second resistor is the 
first voltage. The temperature detection voltage generator comprises a second PMOS transistor 
has a source connected to the power supply voltage and a gate connected to the output terminal 
of the OP amp, fourth and fifth resistors connected in series to a drain of the second PMOS 
transistor, and a diode-connected PNP transistor provided between the fifth resistor and the 
ground voltage. Here, the voltage level between the fourth resistor and the fifth resistor is the 

temperature detection voltage. 

Accordingly, the temperature detection circuit of the present invention detects high 
temperature and low temperature stably in spite of a supply voltage and temperature variation 
and thus protects the operation of the integrated circuit. 
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It is to be understood that both the foregoing general description and the following 
detailed description of the present invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

ttMF.F DESCRIPTIO N OF THE DRAWINGS 

The accompanying drawings, which are included to provide a further understanding of 
the invention and are incorporated in and constitute a part of this application, illustrate 
embodiment(s) of the invention and together with the description serve to explain the principle of 

the invention. In the drawings: 

FIG. 1 is a schematic diagram of a temperature detection circuit according to an 

embodiment of the present invention; 

FIG. 2 is a circuit diagram of a band gap reference voltage generator shown in FIG. 1 ; 

FIG. 3 is a behavior graph of the temperature detection circuit shown in FIG. 1 ; 

FIG. 4 is a graph showing a generation of the temperature control signal of FIG. 1; and 

FIG. 5 is a behavior graph of the temperature detection circuit according to an 
application of the present invention. 

DETAILED DESCRIPTION OF PR EFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. However, the 
present invention is not limited to the embodiments illustrated herein, and the embodiments 
herein are rather introduced to provide easy and complete understanding of the scope and spirit 
of the present invention. Wherever possible, the same reference numerals will be used 
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throughout the drawings to refer to the same or like parts. 

FIG. 1 illustrates a temperature detection circuit according to an embodiment of the 
present invention. Referring to FIG. 1, the temperature detection circuit 100 includes a band 
gap reference voltage generator 110, an OP amp 115, a reference current generator 120, a 
temperature detection voltage generator 1 30, and a comparator 140. The temperature detection 
circuit 100 is manufactured through CMOS processes. The band gap reference voltage 
generator 110 generates the band gap reference voltage VBGR. The band gap reference voltage 
VBGR is received by the OP amp 115. The reference current generator 120 generates a 
reference voltage VREF in response to an output signal of the OP amp 115. In response to the 
output signal of the OP amp 115, the temperature detection voltage generator 130 generates a 
temperature detection voltage VTD according to temperature variation. The comparator 140 
compares the reference voltage VREF with the temperature detection voltage VTD to generate a 

temperature control signal THDET. 

The band gap reference voltage generator 1 10 generates a stable band gap reference 
voltage VBGR. The band gap reference voltage VBGR is unaffected by supply voltage and 
temperature variation. The band gap reference voltage generator 1 10 can be implemented in 
various configurations. In FIG 2, the band gap reference voltage generator 1 10 is shown as 
implemented by CMOS processes. Referring to FIG 2, the band gap reference voltage 
generator 110 includes a first reference current unit 210, a second reference current unit 220, and 
an OP amp 230. The first reference current unit 210 includes a firs. PMOS transistor Ml, a first 
resistor Rl, and a first PNP transistor Ql, which are connected in cascade between a supply 
voltage VDD and a ground voltage. The second reference current unit 220 includes a second 
PMOS transistor M2, a second resistor R2, a third resistor R3 and a second PNP transistor Q2, 



88^-7.06 .TB12280-US) 



which are connected in cascade between the supply voltage VDD and the ground voltage. The 
OP amp 230 has a first input terminal connected to a first node Nl between the first resistor Rl 
and the first PNP transistor Q 1 , a second input terminal connected to a second node N2 between 
the second resistor R2 and the third resistor R3, and an output terminal connected to gates of first 
and second PMOS transistors Ml and M2. The first and second PNP transistors Ql and Q2 
have bases connected to a bias voltage Vbias. 

The band gap reference voltage generator 110 uses a current source controlled by the 
output signal of the OP amp 230. Biasing currents h and I 2 depend on gate-source voltages 
(VGS) of the transistors Ml and M2. Accordingly, although the output of the OP amp 230 is 
shifted, a mismatch of the biasing currents II and 12 will occur if the transistors Ml and M2 are 
ma tched to each other, because the variations in the gate-source voltages VGS of the transistors 
Ml and M2 are equal to each other. Therefore, the band gap reference voltage VBGR is stably 
generated at a voltage level of about 1 .26 V regardless of the supply voltage and temperature 
variation. 

Returning to FIG. 1, the reference enrrent generator 120 includes a first PMOS transistor 
MP, gated to the OP amp 1 1 5, and firs, to third resistors Rl, R2, and R3 connected in series to a 
drain of the firs. PMOS transistor MP1. The fust current 1R1 flows .hrough .he firs. PMOS 
transistor MP. and the firs, ,0 third resis.ors Rl, R2, and R3. Anode voltage between the first 
resister Rl and the second resistor R2 is a firs, internal voKage Va turd a node voltage between 
the second resistor R2 and the third resister R3 is the reference voltage VREF. 

The OP amp 1 15 performs an operation so that the band gap reference voltage VBGR 
and the firs, internal voltage Va have the same voltage level. The OP amp 1 15 outputs a 
predetermined voltage signal ,ha, lurns on fire firs, PMOS «rans,s,or MP1. If <he firs, interna. 



8836-206 (IB 12280-US) 

voltage Va is lower than the band gap reference voltage VBGR, the OP amp 115 generates a 
voltage signal whose level is substantially equal to a ground voltage VSS and turns on the first 
PMOS transistor MP1 strongly, so that a large amount of a current IR1 flows. The large 
amount of the current IR1, which flows through the second and third resistors R2 and R3, 
increases a level of the first internal voltage Va. As a result, the level of the first internal 
voltage Va becomes equal to that of the band gap reference voltage VBGR. If the first internal 
voltage Va is higher than the band gap reference voltage VBGR, the OP amp 1 1 5 generates a 
voltage signal whose level is substantially equal to the power supply voltage VCC and turns on 
the first PMOS transistor MP1 weakly so that a small amount of the current IR1 flows. The 
small amount of the current IR1, which flows through the second and third resistors R2 and R3, 
decreases a level of the internal voltage Va. As a result, the level of the high first internal 
voltage Va becomes equal to that of the band gap reference voltage VBGR. 

Here, the current IR1 flowing across the first resistor Rl is expressed as follows: 

Va 

IRl = 



R2 + R3 

Since the first internal voltage Va is equal to the band gap reference voltage VBGR, the current 
IR1 flowing across the first resistor Rl is given by Expression 1 . 

VBGR (Expression 1) 

The reference voltage VREF is expressed as follows: 

The temperature detection voltage generator 1 30 inclndes a second PMOS transistor 
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MP2, fourth and fifth resistors R4 and R5, and a PNP transistor QP1 , which are connected in 
cascade between the power supply voftage VCC and the ground voltage VSS. The second 
PMOS transistor MP2 is gated to the output signal of the OP amp 115. A node voltage between 
the fourth resistor R4 and the fifth resistors R5 is the temperature detection voltage VTD. 

Here, since the gate-source voltage (VGS) of the first PMOS transistor MP1 is equal to 
that of the second PMOS transistor MP2, the current flowing across the first PMOS transistor 
MP1 is equal to the current flowing across the second PMOS transistor MP2. 

In other words, 1MP1 - IMP2, and thus IR1 - IR4. 
Therefore, the temperature detection voltage VTD can be expressed as follows: 
VTD = VBE(QP1) + 1R4-R5-VBE(QP1) + IR1 *R5 (Expression 2) 

Meanwhile, the first to fifth resistors Rl, R2, R3, R4, and R5 are se, to have the same 
temperature constant. Even if the resistances are changed due to an ambient temperature 
variation, the voltage appearing between both ends of each resistor is maintained in a steady state. 
If the resistance of the fifth resistor R5 increases according to a temperature based on the 
corresponding temperature constant, the voltage VR5 appearing between both ends of rite fifth 
resistor R5 is expressed as follows: 
VR5 = IR5 x (R5 + AR5) = IR1 x (R5 + AR5). 

Since the second and third resistors have also the same temperature constant, it can be 
seen from Expression 1 that the current IR1 flowing across the first resistor Rl decreases, and 
the current IR1 is expressed as follows: 



VBGR 

IR\ = 



/?2 + M2 + i?3 + Ai?3 
Since IR1 = IRS, the current IRS flowing across the fifth resistor R5 also decreases. 

8 
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Accordingly, the voltage VR5 appearing between both ends of the fifth resistor R5 is steady 
without regard to ambient temperature variation. 

The temperature detection voltage VTD expressed in Expression 3 is based on Expression 2. 
VTD = VBE (QP1) + IR4 x R5 = VBE (QP1) + IR1 * R5 = VBE + VR5 (Expression 3) 

As described above, since the voltage appearing between both ends of the fifth resistor 
R5 does not depend on temperature, the temperature detection voltage VTD is affected by the 
base-emitter voltage (VBE) of the PNP transistor QP1. The PNP transistor QP1 has a parasitic 
structure due to CMOS processes and has a temperature constant of -2 mV/'C. Therefore, the 
PNP transistor has a characteristic that a voltage decreases as the temperature increases. 

The comparator 140 compares the reference voltage VREF with the temperature 
detection voltage VTD and generates a temperature control signal when the temperature 
detection voltage VTD is lower than the reference voltage VREF. The temperature control 
signal THDET is used as a signal to disable the internal operation of the integrated circuit. 

FIGs. 3 and 4 are behavior graphs of the temperature detection circuit 100 shown in FIG 
1 . Referring to FIG. 3 , the band gap reference voltage VBGR is generated steadily at the level 
of about -1.2 V in the temperature range from -40'C to 130'C and the reference voltage VREF is 
generated steadily at the level of about -0.9 V The temperature detection voltage VTD has a 
negative slope. At the temperature at which the temperature detection voltage VTD is lower 
than the reference voltage VREF, that is, about at 120'C, the temperature detection circuit 100 
generates the low-level temperature control signal THDET indicating a high temperature 
threshold for operation of an integrated circuit. This is illustrated in FIG. 4. The low-level 
temperature control signal THDET stops the operation of the integrated circuit. 

FIG 5 is a behavior graph of the temperature detection circuit 100, indicating a low 

9 
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temperature threshold for operation of an integrated eircui, according to an application of the 
present invention. Referring to FIG 5, the resistance of the fonrth resistor R4 increases, and the 
resistance of the fifth resistor R5 decreases in the temperature detection circuit 100 so that the 
graph of the temperature detection voltage VTD is shifted downwardly. This means that 
decreasing the current IR4 and the resistance of the resistor R5 lowers the level of the 

temperature detection voltage VTD. 

Accordingly, the temperature detection circuit of the present invention can perform high 
„r tow temperature detection stably despite variations in supply voltage and ambient temperature 
and thus protect the operation of the integrated circuit. 

I, will Ire apparent to those skilled in the art that various modifications and variations 
ean be made in the present Invention. Thus, it is intended tirat the present invention covers the 
modifications and variations of this invention provided they come within the scope of the 
appended claims and their equivalents. 
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